Modeling is now an essential ingredient in business process management and information systems development. The general usefulness of models in these areas is therefore generally accepted. It is also undisputed that the quality of the models has a significant impact on their usefulness. In the literature we can find any number of quality metrics, but hardly any study that investigates their relation with (perceived) usefulness and none that considers their relative impact on usefulness. We take a look at some of the most frequent quality dimensions and their relative impact on the perceived usefulness of models.
INTRODUCTION
In business process management models play a central role today [2] . Business process models, e.g., allow us to develop a collective understanding of core processes of a business and they enable us to assess problems and discover opportunities for improvements [8, 36] . They can also help us reorganize the business to overcome problems and realize opportunities.
When information systems are developed the role of models is even more crucial. Requirements are documented in the form of models, at least partially, and the architecture and design of the system practically rely completely on a set of respective models [15, 39, 46] . Poor model quality is a common source of failure in system development [10, 42, 44] and higher model quality usually leads to higher quality of the delivered systems [3, 5, 45] .
Under these circumstances it is evident that the quality of models is paramount for the success of (re-)engineering or development efforts. Consequently model quality has been studied thoroughly and a number of quality metrics or measures have been suggested.
Moody [29] identified more than 50 approaches to model quality ranging from one-dimensional measures to complex frameworks. He criticizes, among others, the proliferation of proposals, the lack of empirical testing and the lack of measurement. To avoid these issues we have chosen a two-stage approach:
First, we select a framework that is grounded in an established theory and empirically tested. This ensures that the relevant quality dimensions are covered and that the framework is reliable (see section 2). Second, we fill the slots in the framework with concrete quality measurements. Again we use only such measurements that are empirically tested (see section 3).
The resulting instrument (framework + measurements) is then used in an empirical study to assess the quality of participants' models. While model quality is of prime importance, it is not the ultimate goal. Models are means to achieve other purposes, e.g. the analysis or design of a business process or the development of an information system. We therefore also need to consider their usefulness with respect to the actual goals, i.e. the extent to which they help us in reaching these goals.
Measuring the usefulness of a model implies the assessment of its impact on a subsequent project. But the success of such a project also rests on a number of other factors, which makes isolating the usefulness factor practically impossible. Many researchers therefore use another measurement that can be determined with greater ease and is closely related to usefulness: Perceived usefulness. Details regarding this measurement are discussed in section 3.5.
The measurements of Model Quality and Perceived Usefulness have been applied in an empirical setting. The goal of this study is to determine which quality factors affect the perceived usefulness of models as well as their relative impact, i.e. the strength of the influence of the respective factor. This is elaborated in section 4.
A FRAMEWORK FOR MODEL QUALITY
When choosing a quality framework it makes sense to ensure that it is firmly rooted in an established and relevant theory. On the one hand this provides the framework with a level of generality and ensures that all pertinent quality dimensions are covered. On the other hand it also contributes to the validity of the framework. As models are primarily signs, and are in turn made of signs (the model elements), it seems natural to base a quality framework on semiotic theory.
But according to Moody [29] many theory-based frameworks are not empirically tested. Out of the more than 50 approaches he studied only 6 are empirically validated. Only one of them is based on semiotic theory and covers conceptual models in general: Lindland et Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. SAC '10, March 22-26, 2010 , Sierre, Switzerland. Copyright 2010 ACM 978-1-60558-638-0/10/03…$10.00.
The basic ideas of this approach are described in [18] [19] [20] 23] . Their model is shown in Figure 1 .
Figure 1. Model quality framework by Lindland & Krogstie
It distinguishes five quality dimensions: syntactic, semantic, perceived semantic, pragmatic and social quality. Syntactic quality refers to the extent to which the model observes the rules of the modeling language. Pragmatic quality is the degree to which the user's interpretation of the model coincides with the model's meaning. Social quality is defined as the agreement between the interpretations of users. It is relevant because consensus building is a major goal in modeling.
Semantic quality measures the extent to which statements in the model are correct and complete with respect to the domain. Assessing semantic quality is practically impossible as access to the domain is filtered by our perceptions. We can only access our domain knowledge that is a product of the perceptions; it is subjective and does not accurately reflect "the domain" as individual perceptions differ. Domain is rather an abstract notion referring to the collective domain knowledge of a set of individuals.
As semantic quality cannot be measured directly it is common practice to use perceived semantic quality as a proxy [11, 17, 26, 33, 37, 40, 41] . It measures the degree to which the user's interpretation of the model agrees with his knowledge of the domain. As mentioned above the framework by Lindland & Krogstie is firmly rooted in semiotic theory and can therefore claim theoretic validity. But the framework has also been tested empirically in laboratory experiments [30, 31] . Together with the grounding in semiotic theory it is a reliable basis for quality measurement. But the Lindland & Krogstie framework only specifies the dimensions. It does say how these quality dimensions should be measured. The following section takes up this issue.
MEASURING QUALITY
The quality dimensions of the Lindland & Krogstie framework are:
• Syntactic Model Quality (SMQ)
• Perceived Semantic Quality (PSQ)
• Pragmatic Model Quality (PMQ)
• Social Quality (SQ)
Syntactic Model Quality
In our search for a suitable measurement for syntactic quality we found a number of approaches that used modeling conventions as a syntactic metric. An example for that is the work of [21] that is based on the UML (Unified Modeling Language) conventions suggested by [1] . But these are not syntactic constraints in the usual sense. They are rather syntactic realizations of semantic or pragmatic guidelines. For example, the convention "The number of relations between each class and other classes should be small" is not prescribed by UML for Class Diagrams. But it can lead to a more comprehensible model, which is a pragmatic concern.
We have decided to stick to the definition of the Lindland & Krogstie framework and have therefore excluded such approaches to syntactic quality from consideration as they mix different semiotic categories. The only measure of syntactic quality with a semiotic stance that we found is given in [4] . The authors define it as the weighted sum of syntactic lawfulness and richness. The latter is a property of the language, which was not a variable in our study. We can therefore identify syntactic quality with syntactic lawfulness, which is defined as the ratio of the total breeched rules and the number of statements. In the case of a diagrammatic language this can be translated to the number of syntactic errors divided by the number of nodes and edges.
Perceived Semantic Quality
Perceived Semantic Quality (PSQ) was introduced in [38] and extended in [33] to a 7-indicator measurement. It relies on ideas of the Theory of Reasoned Action [12] but has also undergone substantial empirical validation. The measure has been refined in the course of further experiments based on validity and reliability tests. The result is a consolidated 4-indicator measurement [24] with the indicators correctness, relevance, completeness and authenticity. The authors actually use adjectives but we think that indicators should be nouns. We replaced the term realistic with authenticity because "reality" implies unintended connotations as "reality of a model" is rather understood as "the world described by the model". Table 1 shows each indicator, its definition and the respective statement in the questionnaire judged on a 7-point Likert scale ranging from "strongly disagree" to "strongly agree". 
PSQ Correctness
All statements in the representation are correct.
The conceptual model represents the business process correctly.
PSQ Relevance
All statements in the representation are relevant to the problem.
All the elements in the conceptual model are relevant for the representation of the business process.
PSQ Completeness
The representation contains all statements about the domain that are correct and relevant.
The conceptual model gives a complete representation of the business process.
PSQ Authenticity
The representation gives a true account of the domain.
The conceptual model is a realistic representation of the business process.
The statements were put in front of the participants directly after each session to make sure that their memory is still fresh. This is necessary as perceived semantic quality relates the meaning of the model to the reality of the business process as perceived by the participant. This reality emerges in the modeling situation and is not part of the participant's everyday knowledge as it contains parts of the process that are outside the participant's scope of knowledge. To determine a group value for the perceived semantic quality of the model we averaged the scores from the members.
Pragmatic Model Quality
Pragmatic model quality (PMQ) refers to the user's interpretation of the model. This is typically understood as the comprehension or understandability of a model [13, 27] . The common measure for comprehension involves asking the user a number of questions that relate to meaning of the model and that can only be answered right if the model is understood. For a business process model such a question could be: Does the process model allow for an execution of activity A before activity B? Or: Is it possible that activity A is not carried out at all? Each correct answer yields a point and the total score is the measure of comprehension.
Six questions were developed for each model and put before the group members 4-6 weeks after they had created it. The time delay was necessary to ensure that the participants have forgotten most of what happened in the session and therefore had to rely completely on the model itself. Comprehension of group members was averaged to yield the understandability of the model.
Social Quality
Social quality (SQ) measures the extent to which interpretations of different users agree with each other. As both the process of arriving at a model and the use of it are collaborative endeavors social quality is an important factor of overall model quality. A measure for social quality was introduced in [16] . It is called Relative Agreement in Interpretation (RAI) and determined as the average mutual agreement among pairs of users w.r.t. their interpretation of the model.
In the formula s stands for a statement of the model. In a process model that could be "There is an activity called Enter PIN code" or "Activity B has to be carried out after activity A". This means that a statement refers to a node or an arc in the process model. ℑ i is the interpretation that modeler i associates with the model. It is a set containing all statements that the modeler considers to be true. M E is the set of all explicit statements of the model. In words, a statement is seen as controversial if at least two people have a differing opinion on it. If we divide the number of controversial statements by the overall number of statements, we arrive at the relative disagreement in interpretation. Subtracting this from one yields the RAI.
To operationalize this measure we have developed a social quality questionnaire. For this we have first asked the participants to label all the nodes and arcs with numbers. We then gave them a piece of paper with a table. The first column contained the numbers from 1 to 50 (max. expected node and arc count) in ascending order. The second column was empty. Participants were asked to put a cross in this column for each number of a node or arc that they considered to imply a wrong statement. If a node was in a wrong swim lane they put a p for position instead. They also had to put a circle around the number that represented the total number of nodes + arcs.
Putting the filled-in questionnaires of all group members side by side we counted the number of rows that only showed identical markings, i.e. four empty fields, four crosses or four p's. This was then divided by the circled number to yield the RAI. The resulting RAI value is already a group value that relates to a single model. The questionnaire for the RAI is administered directly after each session to make sure that the social context is still vivid.
Perceived Usefulness of Models
The measures described in the previous section have mostly been validated in student experiments. There is some criticism related to the use of students for measurement validation as the external validity might be threatened. We agree that this can be the case but it does not disqualify student experiments in general. The quality measures introduced above are based on cognitive aspects, i.e. they focus on the relation between individual and model and disregard the organizational environment. In such cases students are equally good "study objects" as employees.
The situation changes, though, if we consider the (perceived) usefulness of models as the intended use of a model is typically related to an organizational context whereas students often make models as an exercise to learn modeling rather than to put the model to any use. We therefore need a measure that is validated in a business situation. Perceived Usefulness (PU) originated in the Technology Acceptance Model [7, 25] , which claims that the use of technology is determined by the (potential) user's perception of its usefulness. Davis [6] defines PU as "the degree to which a person believes that using a particular system would enhance his or her job performance" (p. 320) and introduces a 6-indicator measurement for the usefulness of email.
In the area of modeling, perceived usefulness has also been applied. [22] , for example, uses it in the context of decision models but their indicators do not carry over to conceptual models. [28, 31] have suggested a framework for evaluating the perceived usefulness of modeling methods but in the present study we are interested in the perceived usefulness of the models themselves. Such a measure is suggested in [24] but their indicators (improvement over textual description, useful for understanding, performance when understanding) clearly aim at pragmatic quality rather than perceived usefulness. The reason for this is that they look at a teaching situation where understanding the domain is the primary use of models. But in a business context there are a number of other uses.
We have therefore decided to use the original measure suggested in [6] . It has been widely used for different kinds of artifacts. As models fall into this category, Davis' measure is suitable for this purpose. For the sake of this study we have reduced the original number of indicators to 3, though, as the quality measures already involve a many indicators. To ensure validity and reliability of the instrument we have chosen the indicators with the highest factor loadings. Table 2 shows indicators and respective statements. We have replaced "electronic mail" by "models". 
PU Effectiveness
Using models enhances my effectiveness on the job.
PU Productivity Using models increases my productivity.
The statements were put before all participants with instructions to score each statement on a 7-point Likert scale. Again we averaged the scores over each group to get a model score.
THE IMPACT OF MODEL QUALITY ON PERCEIVED USEFULNESS
The instruments we presented so far were used in an empirical study where we investigated the impact of model quality on the perceived usefulness of models. Most of the studies we mentioned took place in an academic setting, which in our opinion is not suitable as the full use of models is only realized in a business environment. The cited research on quality and usefulness is also mostly restricted to a single quality factor. Multiple-factor studies often neglect the issue of usefulness which is paramount from a business perspective where costs associated with modeling must be balanced by corresponding benefits.
We therefore claim that our study is the first to combine:
• Investigation of a complete set of relevant quality factors of models from a semiotic perspective
• Studying the impact of these quality factors on the perceived usefulness of models
• Collecting data in a business setting
Empirical set-up
The study was performed within an action-research project for a manufacturer of mobile network components. The objective was a business process analysis of the customer distribution center that handles the complete logistics operation. The ultimate purpose of this analysis was to support the requirements specification for a warehouse management system supporting the logistics processes. The software department was in charge of the project and decided to use UML Activity Diagrams for process modeling [32] .
In the course of the project 42 models were developed and we decided to follow up this and collect empirical data. Modeling was performed in teams that consisted of 3 to 6 persons that conducted 2 to 4 sessions. Each session resulted in the development of a model. For the modeling sessions we used a collaborative approach that allowed the participants to take an active role in modeling by proposing models. This approach is described in detail in [35] . Most teams had a facilitator. Teams that consisted mostly of software people did not have a facilitator but decided on acceptance of model versions by mutual agreement.
A total of 58 people were involved including software developers, purchasers, sales people, logistics managers, project managers, process managers and operations staff from the logistics unit. Modeling was done with COMA (http://www.COMA.nu), a toolsupported method for collaborative modeling in UML.
Data collection
For PSQ and SQ the questions were administered directly after a modeling session to make sure that the participants still have a fresh memory of it. A printout of the models was available, too, to support group members in judging model quality.
For pragmatic quality we posed 6 questions of comprehension as outlined above regarding the output of each group. Each member received a printout of the models and was asked the questions 4-6 weeks after the modeling session. The average number of correct answers was recorded as the variable PMQ Understandability.
The number of errors, nodes and edges were counted manually for each diagram. The ratio was recorded as variable SMQ.
The instrument for perceived usefulness was also administered 4 to 6 weeks after the project was finished. This was done to ensure that the participants had sufficient time to make use of the models that were produced in the project. In this way they were able to form a judgment regarding the impact the models had on their actual work. By the time we administered the third instrument the requirements specification for the warehouse management system was due, which was the primary purpose of the business process models. If the models helped specify the requirements, their perceived usefulness should be high and; and if model quality is decisive for their usefulness that should also be visible in the data.
Data analysis
To assess the impact of independent on dependent variables factor analysis is the common tool to be used. But as the sample size in our case was quite small we have decided to apply a pair-wise correlation analysis instead. The Kolmogorov-Smirnov test shows that the data is not normally distributed for most of the items as the p-value only slightly exceeds the 5 % margin in 3 of the 12 cases. Consequently we decided to apply Spearman's ρ which is more reliable than Pearson for data with an arbitrary distribution and it is only marginally less powerful. We split the results into two tables (3 and 4) and omitted the upper right triangle, which is identical to the lower left one for reasons of symmetry, and the diagonal which only contains 1's. The results which are significant on the 1 %-level are marked in bold. Validity and reliability of the measurement instruments were not a primary concern in our study as we relied on established measures that had been tested already. But as we did a complete correlation matrix we checked the inter-item correlations for PSQ, SQ and PU anyway. The former is significant for all 4 indicators with high values of 0.812, 0.899 and 0.888 between Authenticity and the others, which suggests that Authenticity is the prime indicator. This agrees with the results in [24] for the item "realistic". Table 4 indicates a similar situation for the PU measure. All interitem correlations are significant and the highest values of 0.896 and 0.882 suggest that Productivity is the primary indicator. Again that agrees with the highest factor loading of 0.98 for Productivity in [6] . The construct validity of the PSQ and PU measures has thereby been confirmed once more.
In order to arrive at a suitable graphical model that can explain the relations between the investigated variables we did as follows. We started with a model that contains a node for each variable and an undirected edge for each significant correlation. We then remove all isolated nodes (in this case only SMQ). After that we removed spurious links by deleting edges that shortcut a path where each leg in the path represents a stronger correlation than the one of the shortcut. W.r.t. arrows we assume that quality causes usefulness and that secondary indicators cause the primary ones. For PSQ the latter can be seen in [9] where a single-item measure is used that corresponds to Authenticity.
If we follow this procedure for the data in Table 3 and Table 4 we arrive at the model in Figure 2 . The Authenticity dimension of Perceived Semantic Quality has an impact on the Performance item of PU. This is the factor with the strongest influence on Perceived Usefulness. This means that a model which delivers an authentic description of e.g. a business process is likely to increase the job performance of the model user when applying it in e.g. requirements elicitation, and thereby also his productivity. This result partially confirms earlier research, particularly [24] , regarding the importance of users' perceptions of semantic quality for the perceived usefulness of models and the intention to make use of these models, and ultimately the success of the re-engineering or development project.
But our study has also shown the importance of two other quality factors that are often neglected even in the studies that refer to the Lindland & Krogstie framework, which explicitly names these factors: Pragmatic and Social Quality. According to our results, the Pragmatic Model Quality of Understandability has a bearing on the Effectiveness item of Perceived Usefulness. This can be interpreted as follows: If the user of a model has a better understanding of it, he or she can make a more effective use of it, which in turn increases his productivity. E.g., a good understanding of the business process facilitates the identification of requirements on a system that supports this process.
We defined Social Quality as the degree of agreement between users. It is this mutual agreement that is vital for the success of a project that aims to change the organization. Empirical studies have shown that a lack of stakeholder involvement (one source of SQ) is at the heart of many failures in change management and system development projects. The Chaos Report constantly names user involvement as the top reason for project success [42, 43] .
CONCLUSION
Models are today at the heart of all projects that strive for substantial changes in organizations. Model quality has therefore been studied extensively over the years and approaches to it abound. Krogstie, and Jørgensen [29] criticize that many of them are of a conceptual nature and are not empirically tested. Even fewer are tested in the field. We have therefore paid attention to choosing those measurements that at least underwent a laboratory test. We claim that this can be sufficient for measures that aim at cognitive aspects of quality where the organizational environment does not carry weight. Even social quality, which involves at the least a number of other people, can be measured reasonably well in a student experiment as the practically equal results for SQ validity in the academic and business contexts of our study show.
But our study goes further than confirming laboratory measures in the field. We also embed quality in a use context by investigating the impact of quality on perceived usefulness as the common proxy for usefulness. It is in this respect that our work goes beyond most related studies that view quality as an isolated phenomenon. We claim that the process of modeling has to be justified economically by demonstrating in a rigorous manner that its products are useful from a business perspective.
It is precisely there that our study makes its main contribution. Based on an established quality framework we select the quality measures with the strongest empirical support and extend this with a new measure for social quality w.r.t. model content. The application of these measurements in a business situation shows the precise nature of the relations between the quality dimensions and perceived usefulness. This allows us to derive a model of the relations between these important constructs.
The perhaps most important finding though is that Social Quality has indeed a strong impact on the prime indicator of Perceived Usefulness of models and therefore also on the intention to use and the actual use as evidenced by the Technology Acceptance Model. This puts the limelight on the modeling process as a collaborative effort. While the other quality dimensions are reasonably covered by existing modeling methods, there is little support for achieving Social Quality in models.
So far most modeling sessions in practice are chauffeured by a facilitator who elicits the necessary information for model construction from the domain experts. As the domain experts have little insight into the process and little understanding of the modeling languages that are used, this procedure is not likely to improve agreement among the participants. We therefore claim that all participants involved must take on a more active role in the process that gives them a better chance to have an impact on the final result. A possible technique for achieving this is setting up the modeling process as a negotiation as suggested in [34] . Another one could be the integration of game elements to stimulate interest and participation in modeling as proposed in [14] .
